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NOVEL POLYETHYLENE COPOLYMERS 

This invention relates to ethylene copolymers, and, 
more particularly, to copolymers of ethylene and certain add 
comonomera . 

It Is an object of the present Invention to provide 
new ethylene copolymers. A further object la to provide ethy- 
lene copolymers which are especially well suited f or adhe«ive 
and coating purposes. Still another object is to provide new 
copolymers of ethylene with certain acid comonomers. Other 
objects will become apparent hereinafter. 

The objects of the present invention are accomplished 
by a copolymer of ethyl ene and 0.1 to 10 weight # of anj*-P 
ethylenlcally unsaturated acid having from 3 to 8 carbon atoms 
per molecule, and preferably by a copolymer containing from 1 
to 8 weight # of the acid monomer, said copolymers having a 
melt index in the range of 0.01 to 30 g/10 min, as determined 
by ASTM D-1238-57 T. 

The copolymers of the present invention combine 
superior adhesion, toughness, flexibility and print ability 
with low permeability, high rigidity, stiffness and corrosion, 
solvent and moisture resistance. The surprising feature of the 
resins of the present invention is the increase of adhesion 
obtained in the range of caraonoraer concentrations stated 
combined with the retention of desirable properties of poly- 
ethylene, such as rigidity and solvent and moisture resis- 
tance . Additionally, the copolymers of the present invention 
can be readily handled at temperatures below their melting 
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points, 110-120* C, at which they show little or no tendency 
to stick and can also be fabricated in standard polyethylene 
equipment. Thus, the resins or the present invention are 
extremely useful as adheslves, In such uses as the production 
of non-woven fabrics; as binders, in such uses as the prepara- 
tion of laminates and as coating resins, in such uses as the 
coating of paper products. 

Polyethylene homopolymers have low adhesive pro- 
perties, poor printability and are not ordinarily suitable as 

10 adhesives or as laminating resins. However, the introduction 
of as little as 0.1 weight j6 of the acid comonomer, based on 
the copolymer, greatly increases the adhesion properties of 
the polyethylene. Acid component contents greater than about 
10j£ do not significantly add to the adhesiveness or the print* 
ability of the copolymer. On the other hand, such Increases 
in comonomer content cause those properties which are inherent 
in high molecular weight polyethylene and which are desirable 
in an adhesive to decrease. Acid comonomers such as are 
employed in the formation of the copolymers of the present 

20 Invention act as telogens for the polymerization of ethylene, 
arid, hence, if employed in high concentrations result only 
in low molecular weight products which do not have the tough- 
ness and flexibility, particularly at low temperatures, for 
which polyethylene is so well known. Additionally, the in- 
corporation of acid comonomers in excess of 10 weight # causes 
an unacceptable decrease in the rigidity of tiie polymer pro- 
duct which rigidity is necessary, particularly In laminating 
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applications. Furthermore, the addition of more than 10 
weight Jt of acid oomonomer also causes a significant decrease 
in organic solvent resistance and moisture resistance which 
are highly desirable in an adhesive or in a coating resin. 
The greatly surprising feature of the copolymers of the pre- 
sent invention Is that the introduction of the acid comonomer 
In the indicated conoentrationsresults in a tremendous in- 
crease in adhesiveness combined with an unusually small 
decrease in the mechanical properties as compared to poly* 
IO ethylene • 

Suitable acid comonomers are acrylic acid, meth- 
acryllc acid, crotonlc acid, maleic acid, fumarlc acid, ita- 
conic acid and the methyl and ethyl hydrogen maleates and 
fumarates, Of these, acrylic and methacryllc acid are pre* 
ferred since they show the greatest ratio of Increase In 
adhesiveness with retention of rigidity and solvent resis- 
tance. 

Most ethylene copolymers with polar comonomers 
produced heretofore have been produced either in an aqueous 
20 system, at low pressures, i.e., up to 500 atmospheres, or in 
a batch process. However, these conditions do not result in 
the high molecular weight random, but homogeneous copolymers 
of the present invention. It will be readily recognized 
that in order to achieve high molecular weights in the co- 
polymers of the present invention, it is necessary to employ 
polymerization conditions which result in high molecular 
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weight homopolymers of ethylene, since ethylene is the major 
component, particularly when considered on a molar basis. In 
view or the telogenio nature of the oomnnomer, however, it is 
not only necessary to employ conditions which result In high 
molecular weight polymers in the homopolymerization, but con- 
ditions which result in high molecular weight polymers in the 
presence of telogene. Conditions which result in high molecu- 
lar weight copolymers wherein the acid component is a major 
constituent are readily available since as between the un- 
10 saturated acid and ethylene, the unsaturated acid is a substan- 
tially more active monomer which polymerizes more readily than 
ethylene and over a substantially wider range of conditions. 
The copolymerizatlon of ethylene and the described unsaturated 
acids to result in high molecular weight copolymers, I.e., 
copolymers having a melt index in the range of 0.01 to 30 g/ 
10 mln, as determined by ASTM-D-1238-57T, wherein the ethylene 
content is at least 90jf by weight requires high ethylene pres- 
sures of at least 1000 atmospheres, and, preferably from 1500 
to 3O0D atmospheres and a substantially telogen free (aside from 

20 the comonomer) single phase polymerization environment in which 
♦ i ♦ 

both monomers are soluble. Solvent systems which are suitable 
for the prooess comprise solvent systems heretofore used for 
polyethylene, such as benzene or ethylene Itself which may be 
in liquid form or in vaporized form. Vaporized ethylene com- 
pressed to a density approaching that of liquid ethylene has 
essentially the solvent powers of liquid ethylene. Where the 
comonomer is not sufficiently soluble to allow a single phase 
polymerization suitable comonomer solvents are added. The 
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reaction temperature is in the range or 90* C to 280* C, and, 
preferably, in the range of 150* C to 240° C. 

In order to achieve the hereinabove described in- 
crease of adhesion in combination with the retention of mech- 
anical properties of polyethylene through the addition of the 
acid comonomer, it is essential to make a copolymer which con* 
tains the acid comonomer randomly dispersed throughout the 
entire polymer molecule in all molecules of the polymer, i.e., 
a random but homogeneous copolymer. In order to achieve such 

10 it is necessary, in addition to the aforementioned conditions, 
to employ a continuous polymerisation process* Thus, it was 
discovered that the polymer forming reactivity of the, unsatur- 
ated acid monomer is from 5 to 10 times that of the ethylene. 
Because of this substantial difference in reactivities, 
it is not only necessary to reduce the concentration of the 
comonomer in the feed in accordance with the reactivity ratio 
to obtain a copolymer of the desired acid content, but it is 
also essential to employ a continuous process in which the con- 
version of the ethylene to polymer, controlled by reactor resl- 

20 dence time, is from 3 to 20J6. By maintaining the feed ratio of 
ethylene to comonomer to the polymerization reactor in line 
with the reactivity ratio and limiting the polymerization of 
ethylene to its initial and fast polymerization, it is possible 
to obtain the random and homogeneous copolymers of this in- 
vention. In a batch process, the difference in reactivities 
of the comonomers results in a copolymerlzatlon in which poly- 
mers with a very high acid content are formed Initially until 
the acid monomer is substantially used up, at which time the 
polymerization becomes substantially a homopolyraerization of 
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polymers ranging all the way from unsaturated acid homopolymers 
to polyethylene and tram, randomly dispersed polymers to block 
oopolym era. On the other hand, the use of a continuous process 
under conditions above described results in an entirely differ- 
ent product, one which has very unifora comonomer distribution 
and is, therefore, substantially more homogeneous than the 
batch produced product , 

In general, the polymerization of the comonomers is 
initiated by a free radical forming compound, such as oxygen, a 

10 peroxide or an azo-bis compound. Suitable peroxides include 

benzoyl peroxide, lauryl peroxide, t -butyl peracetate, A suit- 
able azo initiator is azo-bis(isobutyronitrile). The quantity 
and preferred type of initiator is in accordance with the art 
established for the homopolymerizatlon or ethylene* 

The polymerisation is preferably carried out in a 
stirred autoclave, stirred at high rates such as 250 rpm. Ethyl* 
ene, the ethylene comonomer, which may be dissolved in ethylene 
or another suitable solvent, and initiator, also dissolved in 
a suitable solvent, are injected into the autoclave. The agi- 

20 tator is started and the feed is continued until the desired 

pressure is reached, at which time a discharge valve is opened 
to maintain the desired pressure . The temperature of Vhe re* 
actants is then built up to the "light of*" state by any suit- 
able means, such as for example, by the use of a heating jacket 
surrounding the autoclave, the use of internal or external 
electrical type heaters or the like. At these pressures and* 
temperatures the reagents exist as a uniform phase. "Light 
off" occurs when the temperature is reached at phich the poly- 
merization initiator begins to generate free radicals at an 

30 appreciable rate. The free radicals induce the polymerization 
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or the monomers, and, since this reaction 1b exothermic, the 
temperature is observed to rise* When the temperature rises 
slightly the initiator produces free radicals at a faster rate 
and the exothermic polymerisation of ethylene proceeds still 
faster. For this reason a marked temperature surge is observed 
as the reaction "lights off". Once "light off " is obtained, 
the application of heat through jackets into the reaction mix- 
ture and/or feed streams is discontinued. The reaction temper- 
ature, within narrow limits, is then maintained by controlling 

10 the amount of exothermic polymerization which alao maintains a 
definite monomer to polymer ratio within the autoclave. In ac- 
cord with the type of polymer, it is desired to produce, the 
temperature within the reactor is allowed to build up to the 
exact temperature that will produce that type of polymer. This 
is accomplished by regulating the concentration of initiator 
fed into the reactor. The exothermicity of the reaction and, 
therefore, the molecular properties of the polymer desired are 
therefore controlled by the amount of heating applied to the 
feed streams and the amount of initiator introduced. The re- 

20 suiting polymer stream is passed through a pressure let down 
valve into a vessel at substantially reduced pressure, but at 
the polymerization temperature, at which every reagent except 
the polymer is flashed off. The polymer is Isolated and cooled 
to room temperature. 

The synthesis of the resins of the present invention 
and basio properties of the resulting resins are further il- 
lustrated in Table 1. The polymerization was carried out in 
a 2 liter autoclave. All reagent streams were maintained at 
% emp e r a 1 - « - ~> ' * r * n A 1 1 a t - - mr 1 oy ec* r« v but 7 1 

eracetatr in 1 ear tnerwiae vnaicatec 'thyiene was ?narg;ec 



6 552 9 8 



- 8 - A. D. 2660 

to the reactor as a separate stream at a pressure of 1000 psig. 
Catalyst and comonomer were charged as separate streams as 
solutions in benzene* Indicated co-solvents were employed 
with those comonomers where solubility In benzene was difficult. 
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The surprising combination of properties obtained 
with the copolymers of the present invention is shown in the 
following table where the retention of desirable polyethylene 
properties such as stiffness is compared with the improvement 
in adhesive properties obtained with increasing concentrations 
cf the acid comonomer. 
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Stiffness was determined by ASTM D 7^7- 58T. The 
Elemendorf Tear Strength and Shore Hardness are well known 
tests. The $ ink removed was measured by the "Scotch Tape" 
test in which ink is applied to a film of* the material, and 
after drying, scotch tape is applied to the inked material and 
then removed, the percentage of ink removed is calculated. 
Adhesion as measured by peel strength was obtained at a separ- 
ation rate of 6 n /foin. The test samples were prepared by placing 
a 1 to 5 mil compression molded film of the acid copolymer 
10 between two layers of the foil to which adhesion was tested. 

The sandwich was placed in the jaws of the heat sealer to give 
a seal 1" x 4" at 250° C under 60 psi pressure with a dwell 
time of 0.15 seconds. The force required to peel the laminate 
was measured. 

The novel ethylene copolymers of the present invention 

are useful as coating resins and as adhesives. They can be 

employed in the coating of cardboard, paper, metal foil, other 

plastic films such as ethylene terephthalate films and many 

other surfaces. They also are useful as laminating resins to 

20 bond such hydrocarbon polymers as polyethylene and polypropylene 

to the aforementioned substrates. In the adhesive field the 

♦ ♦ ♦ 

copolymers of the present invention are particularly useful 
as binders for fibers. 
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CLAIMS 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1* A copolymer of ethylene and an a-0 ethyleni- 

cally unsaturated acid having from 3 to 8 carbon atoms per 
molecule, said copolymer containing, based on the weight of 
the copolymer j from 0*1 to 10 percent of said acid and hav- 
ing a melt index of 0.01 to 30 g/10 min. 

2. The copolymer as set forth In claim 1 wherein 
the acid content is from 1.0 to 8 percent. 

3. The copolymer as set forth in claim 1 wherein 
the acid is acrylic acid. 

4. The copolymer as set forth in claim 1 wherein 
the acid is raethacrylic acid. 

5. The copolymer as set forth in claim 1 wherein 
the acid is fumaric acid. 

6. The copolymer as set forth in claim 1 wherein 
the acid is itaconic acid. 

7. The copolymer as set forth in claim 1 wherein 
the acid la methyl hydrogen maleate. 

8. The process of preparing a homogeneous , ran- 
domly dispersed copolymer of ethylene and an a-£ ethylenically 
unsaturated acid having from 3 to 8 carbon atoms per molecule, 
said copolymer containing, based on the weight of the copoly- 
mer, from 0.1 to 10 weight percent of said acid and having a 
melt Index of 0.01 to 30 g/10win # which comprises continuously 
charging ethylene, said acid and a free radical initiator Into 
a reaction zone maintained at a pressure of 1000 to 3000 
ntraoBpher^a and a temperature of 90 to C , the ethylene 
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CLAIMS (continued) 

and acid being charged in a ratio varying from 10000:1 to 
100:2, converting from 3 to 200 of the ethylene to copolymer 
and continuously removing the resulting copolymer from the 
reaction zone* 

9. The process as set forth in claim 8 wherein 
the temperature is from 150 to 24o° C and the pressure from 
1500 to 2000 atmospheres . 

lO. The process as set forth in claim 8 wherein 
the initiator is a peroxide. 

11; The process as set forth in claim 8 wherein 
the polymerization is carried out in ethylene. 

12. The process as set forth in claim 8 wherein 
the polymerization is carried out in benzene. 



* « * 
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